A selective two phase liquid culture system for erythroid progenitors was
The development of molecular cloning of complementary DNA (cDNA) encoding erythroid membrane proteins has provided new insight into their structures and functions. 1)-11) The cDNA clones were isolated from cDNA libraries synthesized from messenger RNA (mRNA) molecules. The sources of mRNA were human reticulocytes,2),5),7) bone marrow cells, 10)11) K562 erythroleukemia cells, 1),4) fetal liver cells,6) stomach endothelial cells,g) and colon adenocarcinoma cells.g)'9) However, cDNAs encoding for erythrocyte-specific blood group antigens have been restricted in molecular cloning because it was difficult to prepare cDNA libraries from erythroid cells showing a specific phenotype. Then, a study has to be undertaken to develop a suitable technique for a more extensive analysis of blood group antigen-specific mRNAs.
Fibach et al. 12) and we13) have reported a new liquid culture system that supports the proliferation and maturation of human erythroid progenitors in peripheral blood. The culture system consists of two phases; expansion of erythroid progenitor cells in the presence of phytohemagglutinin stimulated-leukocyte conditioned medium (PHA-LCM) at the first phase, differentiation of the progenitors in the presence of erythropoietin (Ep) at the second phase. It has been shown that the culture system facilitates quantitative analyses of growth kinetics as well as biochemical and immunologic characterization of the developing erythroid cells. 12),13) Additionally, the culture system has provided a new insight into the expression of various blood group antigens on the erythroid cells and a detailed map of antigen expression during erythroid differentiation.
13) The erythroid cultured cells may provide mRNAs that are never obtained from mature erythrocytes and that are suitable for gene analyses on various proteins associated with blood group antigens on erythrocytes.
Using the new liquid culture system, we have tried to isolate mRNAs for blood group antigens; firstly a blood group Rh polypeptide. In this report, we describe a new procedure for the isolation and sequence analyses of mRNAs encoding the human Rh polypeptide.
The Rh blood group system is considerably significant in immunohematology and [Vol. 68(B), probably second in importance in blood transfusion, next to the ABH blood group system. 11) The Rh antigens are complex and include the major antigen D as well as associated antithetic antigens E/e and C/c.14) All of these antigens contain integral membrane polypeptides of molecular weight of 30 to 32 kDa, which are called a member of the Rh 30 kDa family of polypeptides. ")"5>"° The Rh blood group antigens have not yet been fully characterized at the molecular level. Recently, cDNA clones encoding a Rh polypeptide have been isolated from a human bone marrow cDNA library.1o>") The cDNA predicted an open reading frame of 417 amino acids starting from the methionin colon at nucleotide 1. 1O),11) The polypeptide chain is probably processed cotranslationally by limited proteolysis to remove the initiator methionin. The liquid culture for erythroid progenitors was carried out according to our method.13) Mononuclear cells from peripheral blood were suspended in Iscove's modified Dulbecco's medium (IMDM) with 10% fetal calf serum (FCS) and 5% phytohemagglutininstimulated leukocyte conditioned medium. 17) Then the cells were incubated at 1 x 106/ml in 25 cm2 tissue culture flasks at 37°C in a humidified atmosphere of 5% CO2 for 5 days. Before the second phase, the cultured cells were treated by the carbonyl iron method1g) to remove phagocytic cells. After the treatment, nonphagocytic cells were recultured in IMDM with 30% FCS, 1% deionized bovine serum albumin, 10_5 M 2-mercaptoethanol, 300 jig/ml iron saturated transferrin, and 2U/ml recombinant erythropoietin (Snow Brand Milk Products Co., Tochigi, Japan) using six-well tissue culture plates. The cells were incubated at 37°C in a humidified atmosphere containing 5% 02 and 5% CO2.
In the liquid culture system it has been demonstrated that the development of erythroid series from early committed progenitors (BFUe) into denucleated erythrocytes can be accomplished (Fig. 1) . Basophilic, polychromatic and orthochromatic erythroblasts were detectable on day 1, 4, and 5 of the second phase, respectively (Fig. 2) . Erythrocytes were observed on day 6. Erythroid cells that were detected morphologically on day 1 and day 8 were 5.3±0.7% (mean±SD, n=5) and 88.0±3.9%, respectively.
The expression of the Rh antigens on the cultured cells were confirmed using flow cytometry. The RhD-positive cultured cells increased gradually corresponding to the extent of erythroid maturation, acceleratedly on day 5, and reached the plateau on day 9 of the second phase as shown in Fig. 3 . The expression of RhD antigen was well defined and was highly dependent on the stage of erythroid differentiation and development. The expression pattern of RhD antigen resembles to ones of A and B antigens.13) On day 5 of the second phase, RhC, Rhc, RhE, and Rhe antigens were expressed strongly on the cultured cells from a volunteer with the phenotype of CcDEe.
We have examined whether the cultured cells derived from five healthy volunteers, whose phenotypes were CCDee, CcDEe, CcDee, and ccDEE, contain the Rh polypeptide- (13). The two antibodies showed the same pattern. The RhD antigen was detected on day 2. The RhD-positive cultured cells increased markedly on day 5 and then the number exceeded 80% of the total cells on day 9.
Using the guanidine isothiocyanate method,l0) 20 to 40 ug of total RNAs were extracted, and 1 µg was reverse-transcribed with oligo-d(T)16 as a primer. This cDNA was then amplified using the polymerase chain reaction (PCR) with TagDNA polymerase (Perkin-Elmer/fetus, Norwalk, CT, U.S.A.) according to supplier's instructions. The detection of mRNAs has been accomplished in the RNA/PCR method and followed by the direct sequencing.20~ It has been published that the composite 1466 by cDNA encoding the Rh polypeptide contains 44 nucleotides of 5' noncoding region and 171 nucleotides of 3' non-coding region. 10),11) On the basis of these sequences, we prepared two primers (Rhl-1 for nucleotides -30 --11: 5'-AATCCCGGCCTGCACAGAGA-3'
and Rhl-2 for nucleotides 674 -655: 5'-GAGTTGACACTTGGCCAGAA-3') for the RNA/PCR procedure. After 30 cycles of amplification using these primers, the reaction products were separated by agarose gel electrophoresis and visualized by ethidium bromide staining. A band about 700 by was detected and its size was expected.
For the purpose of generating single-strand DNA (ssDNA) templates, the asymmetric PCR20~ was performed against the isolated double-strand DNA (dsDNA) from the agarose gel using an asymmetric ratio of the two primers. The ssDNAs were prepared by using two internal primers of Rh1A for nucleotides [309] [310] [311] [312] [313] [314] [315] [316] [317] [318] [319] [320] [321] [322] [323] [324] [325] [326] [327] [328] and Rh1B for nucleotides 365 -346 (5'-GACATAGCACTCATGGTGGC-3'), in order to reduce errors involved in sequencing of the PCR amplified DNAs. The ssDNAs were analyzed through direct sequencing. The Fig. 4 . Comparisons of our sequence of cDNA encoding the Rh polypeptide with the published sequence (10,11). The DNA sequence is numbered so that nucleotide (nt) 1 corresponds with the initiating methionine colon for the protein. The deduced amino acid sequence is shown below the DNA sequence. The cDNAs were compared from nt 31 to nt 300. The cDNA from the cultured cells with a volunteer with the phenotype of ccDEE showed the same sequence as the published cDNA. However, the sequence of cDNAs from two volunteers with the phenotypes of CCDee revealed four nucleotide substitutions (nt 150, 178, 201, and 203) as compared with the published one. These nucleotide substitutions suggest changes of two amino acids. The nucleotide and predicted amino acid residues of these cDNAs are exhibited below the published ones and the identical portions are indicated by a dash. Both of these sequences were demonstrated in the cDNAs from two volunteers with the phenotypes of CcDEe and CcDee. As the result of sequencing, two kinds of Rh polypeptide-specific cDNA sequences were demonstrated as shown in Fig. 4 . The one was identical with the published cDNA, and the other contained four nucleotide substitutions which lead to alteration of two amino acids; isoleucine instead of leucine at position 60 and serine instead of asparagine at position 68. The sequence of cDNAs from the volunteer with the phenotype of ccDEE was identical with the reported sequence and that of CCDee was the altered one. The sequences were confirmed through subcloning using TA CloningTM system (Invitrogen Co., San Diego, CA, U.S.A.) according to the supplier's instructions.
Both of the sequences were determined in the cDNAs of CcDEe and CcDee.
In the present study, we have shown that the cultured cells from human peripheral blood contain the Rh polypeptide-specific mRNAs using the RNA/PCR method and sequencing. Further studies using this procedure would clarify the genetic background responsible for each phenotype in the Rh blood group system.
For gene analyses of blood group antigens, the two phase liquid culture system has several advantages which include: 1) The samples of peripheral blood are easily and widely obtained in comparison with ones of bone marrows and others. 2) It is possible to culture the erythroid progenitors from individuals with various phenotypes in blood group systems. 3) Small erythroid progenitors proliferate to a large quantity of erythroblasts and then produce mRNAs enough for gene analyses. 4) The aimed mRNAs are able to be isolated from the cultured cells at a suitable phase through examining the expression of the antigens encoded with them.
This approach based on the culture system is applicable to the wide study to detect gene expression at the RNA level in any blood group system of erythrocytes. More generally, the method will be applied to gene analyses of erythroid proteins other than blood group antigens.
